Developmental coordination disorder (DCD) is a significant problem that affects between 5 and 9% of all children. Since children with DCD are less likely than their non-DCD peers to participate in physical activities, they may be at greater risk for overweight and obesity. In this report, we examine the relationship between DCD and overweight and obesity in a sample of 578 children aged 9-14 y. We also examine whether the relationship between DCD and overweight/obesity is the same for boys and girls, taking into account sex and age-appropriate differences in percentage body fat and body mass index (BMI) criteria. Our results show that for boys, DCD may be a risk factor for overweight/obesity in childhood and early adolescence. For girls, there is no difference in the prevalence of overweight/obesity between children with and without the disorder.
Developmental coordination disorder (DCD) is a motor performance impairment unrelated to other physical (eg Cerebral Palsy, Muscular Dystrophy) and/or intellectual (eg Pervasive Developmental Disorder) disorders. 1 The prevalence of DCD is estimated to be between 5 and 9%, [1] [2] [3] [4] suggesting that it affects over 120 000 school-aged children in Canada alone. 5 While DCD significantly interferes with academic performance and/or activities of daily living, it often goes undiagnosed. Children with DCD perceive themselves to be less competent with regard to their physical abilities than other children, and as a result, [6] [7] are less likely to participate in organized and recreational physical activities. [8] [9] Since physical inactivity is an important determinant of obesity, [10] [11] [12] [13] this places children with DCD at much greater risk for becoming overweight or obese. However, we are unaware of any study that has actually examined this association. In this report, we examine the relationship between DCD and overweight and obesity in a sample of 590 children aged 9-14 y. We also test whether the relationship between DCD and overweight/obesity is the same for boys and girls while taking into account sex and age-appropriate differences in percentage body fat and body mass index (BMI) criteria.
Sample and method
The study involved a cross-sectional investigation of all students in grades four through eight from five elementary schools. Children with known impediments to physical activity such as learning disorders (n ¼ 8) and pre-existing physical limitations (n ¼ 18) were excluded. A total of 590 children (n ¼ 322 males, n ¼ 268 females) provided informed consent and participated from the potential pool of 929 (63.51% response rate). After a list-wise deletion of cases with missing values, the sample was further reduced to 578. This sample represented 12.4% of all 9-13 y-old children living in the city of St Catharines, Ontario, Canada. 14 The average age of our sample was 11.4671.45 y.
The Research Ethics Boards of Brock University and the District School Board of Niagara both reviewed and approved the research protocol. The Bruininks-Oseretsky test (BOTMP) is the most commonly used standardized test to diagnose DCD in North America. 15 In this study, DCD was evaluated using the short In this study, we use two measures of overweight and obesity -(percentage body fat and BMI). Body fat was defined as the total percent body fat reflecting the amount of fat stored in adipose tissue, and was evaluated using bioelectrical impedance analysis (BIA) with a portable body composition system (RJL Systems, MI, USA). Measurements were conducted using a 'whole body method'. Subjects were instructed to lie in a supine position on a gymnastic mat with their arms 301 from their body and legs not touching one another. Two electrodes were attached on each of the right hand and right foot of the subject on their dominant side. A small electrical current was applied at the proximal electrodes at the right hand and the voltage drop due to impedance is detected by the distal electrodes at the right foot. A resistance index (height 2 / resistance) was calculated using predetermined childhood equations programmed into the Bodystat 1500 and used to predict the subject's body fat percentage. To minimize measurement bias, subjects were instructed to rehydrate themselves by consuming an adequate amount of water 20 min prior to the assessment. The amount of water subjects volitionally drank was not standardized since varying amounts of water were consumed to meet the satisfactory needs of each subject. However, it should be noted that each subject was given an appreciably period of time to rehydrate. Meals and snacks were not standardized in this study. Exercise was also prohibited at least 8 h prior to the measurement. Resistance and reactance factors were plotted using computer software (Cyprus Body Composition System 2.0), which were used to estimate body fat. 17 Boys and girls were considered overweight/obese if their percent body fat was Z25 and Z30%, respectively. Subjects had their weight and height measured using a dual-purpose medical weight scale with height stadiometer. The subject's height was measured without footwear and with heels together. The subject was required to stand vertically erect, shoulders relaxed and arms downward. Height was measured and recorded to the nearest 0.2 cm from the highest point on the top of the subject's head. Body weight was measured and recorded to the nearest 0.1 kg. Again, the subjects were without footwear and wearing only clothing required for regular physical education class. Height and mass measurements were used to calculate BMI (kg/m 2 ) for each participant. BMI cut-points for overweight and obese are based upon recently developed international BMI values for children and adolescents. 18 
Results
In the first part of the analyses, we combined male and female subjects together taking into account the gender and age-specific criterion for overweight and obesity. Bivariate analysis revealed that children with DCD were more likely to be overweight and obese than children without the disorder when percentage body fat was used (23.3% compared to 12.1%, w 2 ¼ 4.35, df ¼ 1, P ¼ 0.037). When BMI was used, there were no significant differences in overweight and obesity between children with DCD and those without, although the percentage of overweight and obese children was higher in the DCD group (25.0% compared to 15.0%, w 2 ¼ 3.38, df ¼ 1, P ¼ 0.060), and the w 2 test value approached statistical significance. Next, we tested to see if the effect of DCD on obesity differed by gender (See Table 1 ). This was accomplished using logistic regression analysis; both outcome measures (percentage body fat and BMI) were regressed on gender, DCD, gender by DCD and age of the child. The results revealed a significant interaction between DCD, gender and obesity for both percentage body fat and BMI. In order to interpret the interaction, we graphed the relationship between DCD and overweight and obesity separately for boys and girls using the sex-appropriate criteria for percentage body fat and BMI (see Figure 1) .
First, we present the results for percentage body fat. Of the 19 boys with probable DCD, five (26.3%) were overweight/ obese, compared to 18 (6.0%) boys without the disorder (w 2 ¼ 10.968, df ¼ 1, P ¼ 0.001; Fischer's Exact test, P ¼ 0.007). Again, eliminating the case with the highest score had no effect on the results. A parallel analysis was conducted with BMI. There was a significant sex by DCD interaction in the logistic regression analysis (see bottom panel, Table 1 ). Again, the results were graphed (see Figure 1) . Of the 19 boys with probable DCD, five (26.3%) were overweight/obese, compared to 21 boys (7.1%) without the disorder (w 2 ¼ 8.71,
Among the five overweight/obese boys with DCD, BMI scores ranged from 25.68 to 31.02. Of the 25 girls who had probable DCD, six girls (25%) met the criteria for overweight/obesity, compared to 58 girls (25%) in the non-DCD group (w 2 ¼ 0.000, df ¼ 1, P ¼ 1.00). Among the six overweight/ obese girls with DCD, BMI scores ranged from 20.60 to 39.40.
It is important to note that using the BMI classification resulted in a total of 90 children who meet the criteria for overweight/obesity compared with 75 children using percentage body fat as the outcome measure. However, there was acceptable agreement between the measures.
For boys, 80% (four out of five) of all cases of overweight/ obese children with DCD were identified by both measures. For girls, 83.3% (five out of six) of children with DCD were identified by both measures. Moreover, the pattern of results is the same regardless of the outcome measure used.
Discussion
Children with DCD are less likely to participate in physical activities, [6] [7] in part because these children perceive themselves to be less competent than their peers. [8] [9] Yet, DCD is rarely, if ever, considered a significant risk factor for childhood obesity, despite the fact it affects a significant number of children. Our results show that for boys, DCD may be a risk factor for overweight and obesity in childhood and early adolescence. For girls, while the overall prevalence of overweight and obesity is higher, there are no differences attributable to the disorder. This may be due to the fact that overall participation in physical activities is lower for girls than boys, and therefore, girls with DCD may be at no greater risk for obesity because their levels of physical activity are not significantly different from their motor-proficient peersFa floor effect. Our sample size is too small to test whether differences in physical activity account for the overall gender differences in obesity between children with DCD and those without. While our preliminary findings are compelling, several limitations need to be addressed in future work. Of these, the most notable is the relatively small number of obese boys and girls with DCD. Further work must be conducted with larger, representative samples of children with the disorder to see if our results can be replicated. However, when samples sizes are small, the probability of committing a Type II error is increased. The fact that we found a significant effect of DCD on overweight and obesity with only five to six overweight/obese boys, and with two different measures of excess body weight, suggests that these findings are worthy of serious attention and further work. Another limitation concerns the issue of control over water and food intake prior to assessing percentage body fat. Standardizing hydration levels and controlling for meals and snacks is challenging when collecting large amounts of data in field research. Ideally, it is easier to control hydration and food intake in controlled settings (clinical or laboratory environment). However, measurements in a controlled environment are typically more costly and place limitations on sample size. Despite these limitations, we feel our results are compelling enough to warrant further consideration. Laboratory-based work with more stringent controls should be conducted to confirm the results presented here. Our results suggest that greater attention should be paid to a possible relationship between DCD, inactivity and overweight/obesity in children, particularly boys. No DCD (BMI) Figure 1 Differences in prevalence of overweight and obesity between children with DCD and those without for boys and girls separately. Note: Obesity in boys is Z25% body fat; for girls, Z30% body fat; BMI cut-points are appropriate for age and sex of the child.
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